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Lynch syndrome (hereditary nonpolyposis colorectal cancer, HNPCC) represents 1-3% of all diagnosed colorectal cancers
(CRCs). This study aimed to evaluate the benefit of clinical criteria and several molecular assays for diagnosis of this
syndrome. We examined tumors of 104 unrelated clinically characterized colorectal cancer patients for causal mismatch
repair (MMR) deficiency by several methods: microsatellite instability (MSI) and loss of heterozygosity (LOH) presence,
MMR protein absence, hypermethylation of MLHI promoter and germline mutation presence. Twenty-five (24%) patients
developed CRCs with a high level of MSI (MSI-H). Almost all (96%) had at least one affected relative, while this simple
criterion was satisfied in only 22% (17/79) of individuals with low level MSI or stable cancers (MSI-L, MSS). Using strict
Amsterdam criteria, the relative proportion of complying individuals in both sets of patients (MSI-H vs. MSI-L and MSS)
decreased to 68% and 9%, respectively. The right-sided tumors were located in 54% of MSI-H persons when compared to
14% of cancers found in MSI-L or MSS patients. In 16 MSI positive patients with identified germline mutation by DNA
sequencing, the gene localization of mutation could be indicated beforehand by LOH and/or immunohistochemistry (IHC)
in four (25%) and 14 cases (88%), respectively. The IHC findings in MSI-H cancers with methylation in distal or both
regions of MLH 1 promoter have not confirmed the epigenetic silencing of the MLHI gene. None of the patients with MSI-
L or MSS tumors was a carrier of the MLHI del616 mutation, despite seven of them meeting Amsterdam criteria. The
effective screening algorithm of Lynch-syndrome-suspected patients consists of evaluation of Bethesda or Revised Bethesda
Guidelines fulfilling simultaneous MSI, LOH and IHC analyses before DNA sequencing. Variable methylation “background”
in MLH1 promoter does not affect gene silencing and its role in Lynch-syndrome tumorigenesis is insignificant.
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Lynch syndrome (hereditary nonpolyposis colorectal can-
cer, HNPCC) is the most common autosomal dominant disease
that predisposes patients to cancer, mainly colorectal and en-
dometrial adenocarcinomas, less frequently tumors of
stomach, small bowel, hepatobiliary tract, upper urologic tract,
ovaries and brain [1]. In approximately 89% of typical Lynch-
syndrome families, the inherited mutations are located in DNA
mismatch repair genes MLHI or MSH2, less frequently in
MSH6, MLH3, PMS2 or PMSI genes [2]. The carriers of
germline mutations are at 70% lifetime risk of developing
colorectal or extracolonic cancer [3].

Clinical characters and cancer family history are critical
data for identification of families suffering from Lynch syn-
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drome. The index patient for germline mutation screening has
been selected by using various sets of criteria: the more strin-
gent are the Amsterdam criteria I (AC I) [4] and the
Amsterdam criteria II (AC II) including extracolonic cancers
[5] or the modified, less strict criteria - Bethesda Guidelines
(BG 1-7) [6] or Revised Bethesda Guidelines (RBG 1-5),
which have been lately updated by The International Collabo-
rative Group on Hereditary NonPolyposis Colorectal Cancer
(ICG-HNPCC) [7]. The majority (85-90%) of tumors in
Lynch-syndrome patients display microsatellite instability
(MSI) as aresult of a DNA mismatch repair (MMR) defi-
ciency [8]. This phenomenon is manifested by small insertions
or deletions in repetitive units (about 1-6 motifs), which are
commonly found in intron sequences, but also in exons of
many cancer-related genes. Microsatellites located near or
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inside the relevant genes can be useful markers also for evalu-
ation of loss of heterozygosity (LOH) that is frequently
observed in colorectal cancers (CRCs). LOH at MLH1 and
MSH? loci occurs in both hereditary and sporadic CRCs with
high level of MSI (MSI-H) [9-11]. The loss of wild-type al-
lele indicates that the gene is affected by germline alteration.
In most tumors, the significant indicator of MMR defect is
the loss of MMR protein(s), as a result of degradation.

The diagnosis of Lynch-syndrome patients is costly and
time consuming. Currently, there is an urgent need for an eco-
nomical, sensitive, and specific testing strategy of the disease.
A cost-effective strategy has been evaluated using different
combinations of clinical criteria (AC and BG simultaneously,
or BG alone), and MSI testing, and MSH2 and MLHI se-
quencing [12-13]. Several authors have preferred the
immunohistochemical evaluation (IHC) of MLHI1, MSH2,
MSHG6 and PMS?2 protein expressions instead of MSI testing
because of the low cost approximately one third [14] and high
sensitivity (92%) as well as specificity (100%) [15]. In sev-
eral studies both assays, MSI and IHC, were considered to be
effective pre-screening methods before germline mutation
scanning by genomic sequencing of MMR genes [16-18]. At
least two serious complications of this diagnostic procedure
were uncovered. First, the pathogenic large genomic rearrange-
ments representing up to 27% of all mutations [19] are not
recognized by DNA sequencing. Second, the epigenetic in-
activation of MLHI gene by promoter hypermethylation
resulted in MSI-H sporadic CRCs with loss of MLH1 expres-
sion [20, 21] and infrequently in Lynch-syndrome patients as
the “second hit” [22, 23] is omitted.

Two extensive CpG islands in the MLH 1 promoter sequence
were detected in regions from -778 bp to -458 bp and from
-367 bp to -201 bp, respectively. Several assays, including
methylation-sensitive enzyme digestion, combined-bisulfite
restriction analysis (COBRA), and methylation-specific PCR
(MSP), have been used for examining DNA methylation in
several CpG sites distributed in various parts of the MLHI
promoter. Due to variable results obtained, the promoter se-
quences that are responsible for the MLHI gene silencing
remain unknown. However, several cell lines and CRCs ex-
hibit limited methylation of promoter, determined by MSP,
which correlated well with inhibition of MLH1 protein ex-
pression [24-26].

Lynch-syndrome diagnosis includes the clinical indicators,
family history, and molecular-genetic analyses. However, ac-
curacy in distinguishing hereditary tumors from sporadic cases
requires that several facts should be considered. First, approxi-
mately 15% of sporadic CRCs showed MSI, and some of them
met BG or RBG clinical criteria [27]. Second, rectal cancers
are rarely MSI positive in multiple CRC families [28]. Third,
is that in sporadic CRCs, the biallelic or hemiallelic
hypermethylation of the promoter region of the wild-type
MLH] allele frequently results in the MSI phenotype [29, 30].
Fourth, several Lynch-syndrome patients developed cancers
with low or atypical MSI status, where the del616 germline

mutation of the MLHI gene was identified [31]. At last, in
carriers of pathogenic missense MMR mutations, expression
of the relevant protein is generally normal [32].

In the present study, we examine a group of suspected
Lynch-syndrome patients using various screening methods,
including MSI, LOH, IHC, MSP and genomic sequencing.
The aim of this study is to evaluate the benefit of different
clinical criteria and molecular assays for effective diagnosis.

Material and methods

Patients and samples. In total, 104 unrelated CRC patients
were selected and investigated. The clinical data and family
history of patients were collected. Four sets of international
clinical criteria for Lynch syndrome were used for compari-
son with molecular-genetic testing: Amsterdam criteria I and
II (AC 1, AC II), Bethesda Guidelines (BG 1-7) and Revised
Bethesda Guidelines (RBG 1-5) (Table 1). DNA was extracted
from matched normal and tumor samples (peripheral blood,
fresh frozen tissues or paraffin embedded tissue sections) of
each patient. Genomic DNA isolation from blood was per-
formed as described previously [33]. DNA from fresh
mechanically homogenized tissues was isolated by standard
phenol-chloroform-butanol extraction and ethanol precipita-
tion [34]. The sections of archival tissue with minimally 70%
of malignant cells were deparaffinized by xylene and ethanol
rinsing. The high molecular weight DNA was extracted and
preamplified by whole genome amplification (WGA) to de-
crease DNA degradation [35]. The modified I-PEP PCR was
performed in a 100 ul reaction mixture, containing 1.6 uM
totally degenerated PCR primers 15 nucleotides long, 2.5 mM
MgCl,, 200 mM dNTP, 0.05 mg/1ml gelatine (final concen-
tration), 7 U of a mix of Taq polymerase and proofreading
Pwo polymerase (Expand High Fidelity PCR System, Roche,
Mannheim, Germany), and 1.5 pg of archival substrate DNA
in 1x buffer No.3. After a hot start at 94°C for 3 min, the
samples were processed through 50 cycles; 94°C for 1 min,
37°C for 2 min, ramping step of 0.1°C/sec to 55°C, 55°C for 4
min and 68°C for 30 sec. The amplification was completed
with 10 min long extension at 72°C. The PCR products were
stored at 4°C until further processing.

MSI analyses. The evaluation of MSI status was performed
on matched DNA samples (normal / tumor) of 54 CRC pa-
tients by isotopic-labelling analyses using the panel of markers
as described previously [34]. The samples of the 50 remain-
ing patients were analyzed by a high-resolution
fluorescent-labelling method [36] using 5-10 highly polymor-
phic MSI markers: BAT26, BAT40, BATRII, BAX, D2S123,
D3S1611, D175250, D5S346, D18S34 and MYCLI1 [37-42].
Forward primer for each MSI marker was labelled on the 5°-
end by fluorescent dye (FAM, HEX or NED). PCRs were car-
ried outin a 30 pl reaction mixture, containing 100 ng purified
DNA (or aliquot 10 ul of I-PEP PCR from archival DNA),
0.33 uM of each forward and reverse primer, 200 uM dNTP,
1.5 mM MgCl, 1x DynaZyme EXT buffer and 1 U DynaZyme
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Table 1. Clinical criteria for Lynch-syndrome-suspected patients

Name Criteria
Amsterdam At least three relatives with CRC. All of following criteria should be met :
criteria I One of these is first-degree relative of the other two
(ACI) At least two successive generations are affected
At least one affected person is younger than 50 years
Familial adenomatous polyposis is excluded
Amsterdam At least three relatives with an HNPCC-associated cancer (CRC, endometrium, small bowel, ureter, or renal pelvis).
criteria IT All of Amsterdam criteria I should be met.
(ACII)
Bethesda Individuals with cancer in families that fulfill the Amsterdam criteria
Guidelines Individuals with two HNPCC-related cancers, including synchronous or metachronous CRCs or associated extracolonic cancers
(BG) (endometrial, ovarian, gastric, hepatobiliary or small bowel or transitional cell carcinoma of renal pelvis or ureter)
Individuals with CRC and a first degree relative with CRC and/or HNPCC-related extracolonic cancer and/or colorectal adenoma;
one of cancer diagnosed at age < 45 years and the adenoma diagnosed at age < 40 years
Individuals with CRC or endometrial cancer diagnosed at age < 45 years
Individuals with right-sided CRC with an undifferentiated pattern (solid/cribriform) on histopathology diagnosed at age < 45 years
Individuals with ‘signet ring cells” type CRC diagnosed at age < 45 years (> 50% signet ring cells)
Individuals with colorectal adenomas, diagnosed at age < 40 years
Revised The patient is younger than age 50
Bethesda The patient has multiple HNPCC-associated tumors in the colon or in other areas known to be caused by the same mutation, either
Guidelines at the some time or occurring over a period of time
(RBG) A patient younger than age 60 has colorectal cancer that has microscopic characteristics that are often indicative of MSI

A patient has one or more first-degree relatives who had an HNPCC-related tumor at the age 50 or younger
A patient has two or more first- or second-degree relatives who had an HNPCC-related tumor at any age

EXT DNA Polymerase (FINNZYMES, Espoo, Finland) in
final concentration. The PCR program consisted of an initial
denaturation at 94°C for 2 min, followed by 35 cycles of 94°C
for 30 sec, 55-64°C for 30 sec, and 72°C for 1 min, and final
extension at 72°C for 10 min. The amplification was finished
with 10 min at 15°C and PCR products were stored at 4°C.
The mixture of 1 ul PCR product dilution and 0.5 pl of ROX
size standard GeneScan-500 in 15 ul formamide were dena-
tured and electrophoretically separated in Performance
Optimized Polymer-4 on an ABI PRISM 310 Genetic Ana-
lyzer. Collected data were evaluated by GeneScan software
(Applied Biosystems, Foster City, CA, USA). The MSI marker
was considered unstable when some extra peaks were present
in tumor that differed from corresponding normal tissue. Tu-
mors were classified as MSI-H if at least 30% of markers
manifested an instability, as MSI-L (low level of MSI), if less
than 30% positive MSI markers were identified, and as MSS
(stable) for tumors without any MSI.

LOH analyses. LOH in tumors was identified by using two
triplex PCR of the MSH2 region (D2S391, D2S123, D2S378)
and the MLH]I region (D3S1561, D3S1611, D3S3685). The
primer sequences are available in the UniSTS database [39].
PCRs were carried out in a 30 wl reaction mixture, which con-
tained 100 ng of purified DNA, 1x QIAGEN Multiplex PCR
Master Mix and 0.2 uM of each primer. PCR program was
performed as described in the MSI cycling protocol, with
annealing temperatures of 58°C and 60°C for the MSH2 and
MLH] gene regions, respectively [43]. Only clearly estimated
heterozygous loci without novel alleles in tumor DNA were
deemed informative. The sample was classified as LOH posi-
tive, when tumor DNA decreased, or when there was an

absence of peaks in one allele of analyzed MSI marker in
contrast with matched normal DNA. Mathematical calcula-
tion of LOH was performed according to the following
formula:

_ (height of normal allele two) / (height of normal allele one)
" (height of tumor allele two) / (height of tumor allele one)

LOH is positive if the value is < 0.5 or 1.5 [44].

IHC analyses. Expressions of MLH1, MSH2, and in sev-
eral cases, also MSH6 and PMS?2 proteins were analyzed by
IHC as described previously [45]. The primary monoclonal
antibodies were applied as follows: 1.2 ug/ml of anti-hMLH1
(Ab13271A, Pharmingen, Basel, Switzerland) for 1 hour in
room temperature (RT); 1 pg/ml of anti-hMSH2 (Ab NA26,
Oncogene Research, Darmstadt, Germany) for 24 hours at
4°C; 4 ug/ml of anti-hMSH6 (Ab G70220, Transduction Labo-
ratories, Lexington, United Kingdom) for 2 hours at RT and 3
pg/ml of anti-hPMS2 (Ab 65861 A, Pharmingen, Basel, Swit-
zerland) for 24 hours at 4°C. The inhibition of protein
expression in tumor tissue was classified as positive if the
staining was very weak or none in contrast with normal stained
colonocytes and stroma cells in the samples of the same pa-
tient.

Hypermethylation of MLH 1 promoter. Genomic DNA was
modified with sodium bisulfite according to the protocol of
the CpGenome™ Modification Kit (Chemicon International,
Temecula, CA, USA) [46]. The principle of the assay is that
unmethylated cytosines in CpG dinucleotides convert to uracils
while 5-methylcytosines remain unaltered. For the modifica-
tion procedure, 1 ug of genomic DNA (alternatively 2 pug of
archival DNA) was used. CpG methylation status was ana-

LOH
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lyzed by MSP in the A and B regions of MLH 1 promoter (from
=716 bp to -602 bp and -248 bp to -178 bp from transcription
start), respectively. MSP was performed in two separate PCRs
using specific primers for unmethylated or methylated DNA
[24, 26]. PCRs were carried out in a 30 pl reaction mixture,
containing 100 ng of modified DNA (or 400 ng of archival
DNA), 0.66 uM of each forward and reverse primer, 200 uM
dNTP, 1.5 mM MgCl,, 1x PCR buffer and 1.2 U HotStarTaq
DNA polymerase (QIAGEN, Hilden, Germany) in final con-
centration. The PCR program consists of an initial denaturation
at 95°C for 15 min, followed by 40 cycles at 94°C for 30 sec,
57°C (both regions) in testing of unmethylated DNA substrate
or 62°C and 65°C (A and B, respectively) for methylated DNA
substrate for 30 sec, and 72°C for 30 sec. The final extension
was performed for 10 min at 72°C. The PCR products were
estimated using 2.5% agarose gel electrophoresis with
ethidium bromide staining. The samples of each patient were
evaluated for the presence of PCR products in four variants:
PCR for unmethylated and methylated substrates in both nor-
mal and tumor DNA.

DNA genomic sequencing. Mutation analyses were per-
formed by direct genomic sequencing of MLHI and MSH?2
genes in most of the MSI-H patients as described previously
[47]. Individuals with MSI-L or MSS tumors, which fulfilled
at least one clinical criterium for Lynch syndrome were
screened for del616 mutation in exon 16 of the MLH]I gene.

Results

Clinical criteria in groups with different MSI status. The
samples from 104 unrelated colorectal cancer patients were
collected in the period from 1998 to 2005 from several hospi-
tals of Slovakia. The patients were less than 50 years old with
single, synchronous or metachronous carcinomas, and/or had
relatives who suffered from Lynch-syndrome-associated tu-
mors (carcinomas of colorectum, endometrium, stomach, renal
pelvis). In several families, cancers with vague relationship
to Lynch syndrome (cancers of breast, brain, prostate, liver,
lung, leukaemia, skin, tongue, larynx, and melanoma) were
recorded.

All patients were analyzed for the presence of MSI in their
tumor tissues; 25 (24%) of the samples manifested MSI-H
phenotype, 13 (12.5%) and 66 (63.5%) were MSI-L and MSS,
respectively. MSI results of several patients (codes 1-4 and
27) were published in a recent study [34]. Clinical criteria,
location and multiplicity of tumors in patients with different
status of MSI are summarized in Table 2.

Out of 25 patients with MSI-H tumors, 24 had at least one
relative who developed Lynch-syndrome-associated cancer.
The Amsterdam criteria (AC I or AC II) met families of 17
patients. Of those four individuals younger than 45 years had
one relative with any related cancer (BG 3), and three pa-
tients had one or more family members with stomach (RBG
4) or endometrial tumors (RBG 2,5) diagnosed before 50 years
of age. One young woman developed cancer at 49 years (RBG

1). The right-sided MSI-H carcinomas (cecum, ascending
colon, hepatic flexure, transverse colon) were found in 10
patients, and four patients manifested CRCs with at least one
on the right side. Left colon carcinomas were located from
splenic flexure to rectum in 11 individuals.

Of the 13 MSI-L patients, only four had at least one rela-
tive who suffered from related cancers (AC I or BG 3). The
tumors were located mostly in the left colon. Out of 66 unre-
lated persons with stable carcinomas, 13 persons had cancer
in their family history, in which six and seven of the cases
fulfilled the strict criteria (AC I or AC II) and less stringent
guidelines (BG 3, RBG 4 or RBG 5), respectively. One 44-
year-old woman and three elder men developed metachronous
carcinomas (BG 2). However, 17 other patients with early-
onset tumors were diagnosed at an average age of 35 £ 6.5
years (BG 4). Almost all MSS tumors were located in the
distal colon, except for eight individuals with right-sided car-
cinomas. The data from a selected group of 18 CRC patients
with MSS phenotype are presented in Table 2.

Genetic and epigenetic analyses in MSI-H tumors. Cancers
with MSI-H were analyzed for LOH by two triplexes of mark-
ers in surrounding sequences of MSH2 and MLH genes, which
covered the regions of 10.9 Mbp in 2p chromosome and 6 Mbp
in 3p chromosome, respectively. The evaluating system was
designed according to LOH results performed in the group of
34 MSI-L or MSS tumors. Out of 14 tumors manifesting LOH
in one of two regions, the complete absence of all three mark-
ers was evidenced in four cases, the other two samples
manifested LOH in two markers of MSH2 region (including
D2S123), and in five carcinomas, the chromosomal loss in one
or two markers of MLH 1 region with other uninformative ones
was shown. Only in three cancers, a combination of negative
results in D2S123 or D3S1611 and LOH in downstream mark-
ers was found. The results of LOH are summarized in Table 3.
These data document that 79% of examined MSI-L or MSS
tumors show extensive loss in the sequences of the surround-
ing MSH2 and MLH1 genes. Problematic evaluation of LOH
in MSI-H cancers can be improved using at least one marker of
triple set because of relatively high probability of larger chro-
mosomal deletions covering also the sequences, where the
uninformative markers are located. The example of two mark-
ers with LOH presence and one uninformative because of MSI
in triplex PCR is presented in Figure 1. Effectiveness of LOH
evaluation by triplex PCR in regions including MSH2 or MLH1
genes comparing with uniplex PCR (only D2S123 or D3S1611)
increased from 0% to 8.7% and from 34.8% to 47.8%, respec-
tively. LOH results of 23 MSI-H tumors are presented in Table
4. Two informative tumor samples were negative in MSH2 re-
gion, from 11 informative cases in MLH1 region, six samples
(54.5%) were positive.

Immunohistochemical analyses of MSH2 and MLH]1 pro-
teins were performed in 20 MSI-H carcinomas, and nearly all
samples were stained for MSH6 and PMS2 proteins. The ab-
sence of protein immunostaining in paraffin block sections
of tumor tissue is caused by mutations in relevant genes, which
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Table 2. Clinical criteria and tumor locations in CRC patients with different MSI status

Patient code Age MSI status® Lynch syndrome criteria®  Colorectal tumor location
1. 46 H ACI 3 synchronous, all colon ascendens
2. 34 H RBG 4 cecum
3. 32 H BG 3 sigmoid colon
4. 27 H BG 3 cecum
5. 36 H ACI rectosigmoid
6. 35 H ACIT colon ascendens
7. 43 H RBG 4 splenic flexure
8. 43 H ACIT colon ascendens
9. 36 H BG 3 rectosigmoid
10. 40 H ACIT colon transversum
11. 34 H RBG 2,5 2 synchronous: cecum, colon transversum
12. 36 H AC II sigmoid colon
13. 52 H ACIT colon ascendens (+ Ca endometrium)
14. 49 H RBG 1 cecum
15. 36 H ACI colon ascendens
16. 30 H ACI rectosigmoid
17. 27 H ACI 2 synchronous: colon ascendens, sigmoid colon
18. 29 H BG 3 colon transversum
19. 32 H ACII 3 metachronous: one colon ascendens
20. 42 H ACIT colon descendens (+ Ca ovarii)
21. 52 H ACIT colon ascendens (+ Ca endometrium)
22. 28 H ACIT rectum
23. 35 H ACI colon descendens
24. 49 H AC II sigmoid colon
25. 36 H ACIT splenic flexure
26. 34 L BG 3 rectum
27. 50 L RBG 1 rectosigmoid
28. 28 L BG4 rectosigmoid
29. 38 L BG4 rectum
30. 26 L BG4 sigmoid colon
31. 48 L RBG 1 colon
32. 31 L BG 3 rectum
33. 47 L RBG 1 rectum
34. 33 L BG4 colon ascendens
35. 37 L BG4 rectum
36. 48 L ACIT colon ascendens
37. 53 L BG 2,3 2 synchronous: colon ascendens, cecum
38. 24 L BG4 sigmoid colon
39. 46 S RBG 1 rectum
40. 49 S BG 3 rectum
41. 36 S BG4 rectosigmoid
42, 33 S BG4 colon
43. 42 S BG4 sigmoid colon
44. 32 S BG4 rectosigmoid
45. 37 S BG4 colon ascendens
46. 69 S ACII rectum
47. 39 S BG3 sigmoid colon
48. 45 S ACI sigmoid colon
49. 22 S BG4 sigmoid colon
50. 42 S ACI rectum
51. 54 S ACIT colon
52. 55 S ACI sigmoid colon
53. 44 S BG2 colon descendens, (+ 2 metachronous: Ca ovarii)
54. 63 S ACIT colon transversum
55. 45 S RBG 4 colon ascendens
56. 59 S RBG 5 rectum

*microsatellite instability status: H (unstabile high), L (unstabile low), S (stable)
® AC LII (Amsterdam criteria), BG 2,3,4 (Bethesda guidelines), RBG 1,2,4,5 (Revised Bethesda guidelines)
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Table 3. LOH results in patients with MSI-L or MSS tumors

Numb. MSH? region Numb. MLH]I region
of pat. D2S391 D2S123 D2S278 of pat. D3S1561 D3S16l11 D3S3685
3 + + + 1 + + +
1 U + + 1 + U +
1 + + - 1 U + U
1 - - + 2 + U 8]
1 U U +
2 uU/- - +

+, LOH presence, -, LOH absence, U, data are uninformative because the patient is homozygote, uninformative heterozygote or MSI positive in analyzed

marker

Table 4. Results of genetic and epigenetic characters in MSI-H tumors

Pat. LOH® Absence of protein expression ° MLH] promoter methylation’ Germline
code MSH?2 MLH]I MSH2 MLHI PMS2 MSH6 region A region B mutation’
1. U U - + +¢ - MLHI"
2. U 18] - + + - +¢ - MLHI"
3. U - + - - + + +¢ MSH?2"
4. U - + - - + + - both wt
5. U - - + + - +¢ - both wt
6. U U - - +° - MLHI"

7. U + - + + - +¢ +©

8. U U + - - - MSH2"

9. U - + - - + + - both wt
10. U + - + n.d. n.d. MLHI"
11. U U - + + - +¢ - MLHI®
12. U U - - - +¢ +¢ both wt
13. U + - + + - - - MLH]I®
14. - U - + + - +¢ - MLHI®
15. U U - + + + - MLHI1
16. U + - + + - +° - MLH]I®
17. U - n.d. n.d. n.d. n.d. +° - both wt
18. U + - + + - - - MLHI®
19. - U +° +° - MLH]I®
20. U U +¢ +¢ + - MLHI®
21. U U +¢ +¢ - - MLHI®
22. U U n.d. n.d. n.d. n.d. + - MSH?2¢
23. U + n.d. n.d. n.d. n.d. + -

*loss of heterozygosity in MSH2 gene region (triplex D2S391, D2S123, D2S378) or in MLH1 gene region (triplex D3S1561, D3S1611, D3S3685), U, data
are uninformative because the patient is homozygote, uninformative heterozygote or MSI positive in all three analyzed markers, ° absences of protein
expressions were analyzed by immunostaining (IHC), in normal tissue the protein expression was decreased, n.d., analyses can not be detected for quality
of paraffin blocks (protein expression) and for DNA sample degradation (promoter methylation), * MLHI promoter methylation was analyzed by MSP, ©
PCR products of methylated DNA were detected equally in normal and tumor samples, t MLHI and MSH2 genes were analyzed for germline mutation
identification by sequencing, & " characters of germline mutations were published in recent studies [47, 48].

produce unstable, truncated proteins. Samples with lacking
MSH?2 or MLHI1 proteins showed simultaneously degraded
MSHG6 or PMS?2 proteins as a result of alterations in binding
sites of MSH2 or MLH1 proteins. We saw loss of the MLH1
protein in tumor tissues of 14 patients (70%); in 12 affected
individuals, the results correlated with identified germline
mutations. Lack of MSH2 protein staining was observed in
four MSI-H persons (20%), two of those cases showed asso-
ciations with MSH2 germline mutation. The correlations of
MMR protein expressions with germline mutations are pre-
sented in Table 4. Additionally, one patient with MSI-L tumor

(code 26) manifested three unstable mono- and one dinucle-
otide markers and MSH6 protein was absent, suggesting
a mutation in the MSH6 gene.

The methylation status of MSI-H cancers was evaluated in
22 patients, in both regions of MLHI promoter (Table 4). Out
of 18 tumor samples manifesting the methylation of region
A with no relation to the loss of MSH2 or MLH1 proteins,
only in seven cases did the methylation phenotype occur pref-
erentially in tumor tissue, relative to matched normal samples.
Three persons presented CpG methylation of both regions
equally in normal and tumor tissues; one of them is the car-
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rier of MSH?2 germline mutation, in the sec-
ond patient, no inherited mutation was
determined by sequencing and in the third
case, the inactivation of both alleles of MLH1
gene by LOH and promoter hypermet-
hylation was found. No methylation in any
region was observed in five healthy young
persons. Results from several methylation
analyses are shown in Figure 2.
Pathogenic germline mutations were
identified in 16 of 21 patients who were
screened by direct genomic sequencing of
the MMR genes. In these 16 cases, thirteen
and three contained alterations in the MLH
and MSH?2 genes, respectively. Most of the
mutations were described previously [47,
48]. The loss of immunostaining of relevant
proteins was observed in 14 cases with iden-
tified mutations. Normal MLHI1 protein
expression was present only in the MLH]
missense mutation carrier (code 6).
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Figure 1. LOH analyse of markers in MLH1 region. LOH was identified in markers D3S3685
and D3S1611 as reduced pattern of one allele in tumor samples in contrast to the matched
normal DNA. The values of LOH were 3.4 and 4.3 for D3S3685 and D3S1611 markers,
respectively. Marker D3S1561 manifested MSI in tumor DNA; therefore, it was uninformative
for LOH evaluation. N, normal DNA; T, tumor DNA.

A mutation in the MSH?2 gene was detected in patient No. 22 Discussion
where IHC assay has not been performed due to unavailabil-

ity of samples. None of the 23 patients with MSI-L or MSS
phenotype was a carrier of the del616 mutation in the MLH1

gene.
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CRC is one of the most common malignancies in the hu-
man population. The last European Union Report of Cancer

showed that in the year 2000, population in Slovakia mani-
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Figure 2. Methylation of MLH1 promoter evaluated by MSP. (A) In region A of MLHI promoter in cases 9, 15, 20 and 23 methylated allele was
shown only in tumor samples, the other patients manifested methylation in both normal and tumor samples. (B) Region B was slightly methylated
in both normal and tumor samples and case 3 represents one of three patients with both methylated regions of MLH1 promoter. Completely
methylated ovarian carcinoma cell line A2780/cp70 was used as positive control. N, normal DNA; T, tumor DNA; UM, PCR with specific primers
for unmethylated substrate; M, PCR with specific primers for methylated substrate.
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fested the fourth highest incidence of CRC, namely 52.65 cases
per 100.000 inhabitants [49]. According to data of National
Cancer Registry of Slovakia, 2852 new CRC patients were
diagnosed in the same year. High mortality can be reduced by
intensive prevention and medical surveillance in the global
population and for high-risk persons, including Lynch-syn-
drome-suspected patients, a high-target program for early
diagnosis and therapy must be administered.

The strict Amsterdam criteria are considered a reliable clini-
cal indicator for identifying Lynch-syndrome patients, but
random clustering of sporadic colorectal cancers can mimic
this disease. In this study, we showed 24 patients fulfilling
AC I or AC II criteria regardless MSI status. Six persons (25%)
of them had MSS tumors, whereas their relatives presented
carcinomas mostly in distal colon at advanced age, which is
indicative of the sporadic origin of tumor. A similar frequency
of sporadic MSS carcinomas in Amsterdam-positive families
(17-25%) was observed in three independent studies [50, 15-
16]. The introduction of Bethesda Guidelines broadened the
Lynch-syndrome tumor range by accepting of gastric can-
cers. High-risk families in European region presented these
carcinomas very rarely in contrast with members of Lynch-
syndrome families in Asia, where gastric cancers are frequent
[51]. In our study, families of four patients with MSI-H tu-
mors (16%) had at least one person with stomach carcinoma.
Consequently, three families evaluated by Bethesda Guide-
lines, included affected persons in two generations.

The predilection for right-sided colon is characteristic for more
than 60% tumors in Lynch syndrome, but also for 84-94% of
sporadic MSI-H cancers [52, 53], therefore its diagnostic value
has been declined. We found proximal location of CRCs in 56%
of unstable cases, where there was a positive family history, which
predominantly predicted hereditary origin of the tumors. How-
ever, in early-onset unstable CRC patients, without any affected
relatives, the right-sided location can indicate equally sporadic
or inherited cause of cancer. On the other hand, authentic Lynch-
syndrome families could be excluded from germline mutation
screening for an inaccurate selection of index patient from mul-
tiple cases in family. A recent study documented that in kindred
fulfilling Bethesda Guidelines, the patients with rectal carcino-
mas rarely manifested MSI phenotype. Most of them were
sporadic cases in families suffered from Lynch syndrome in spite
of relatively young age of diagnosis [28]. It is possible that some
of the CRC families in our study have this syndrome, in spite of
rectosigmoid location and MSS finding in evaluated patient. We
were unable to test this hypothesis because the tumor tissues from
other relatives were not available.

LOH analyses and evaluation of protein absence by IHC
are effective pre-screening procedures for determining of dam-
aged MMR gene, which is causal in Lynch-syndrome
pathogenesis. The application of MSI markers in LOH analy-
ses is economical, because it can be performed in one assay
with MSI testing. On the other hand, in MSI-H tumors, many
markers were unstable, resulting in uninformative LOH evalu-
ation, which was partially compensated for by introducing of

triple set of markers covering the MLHI or MSH2 chromo-
some regions. The absence of MLH1 or MSH2 expression in
our MSI-H group of patients (90%) was similar to previous
studies (60-92%) [50, 15-16]. These findings accelerated the
identification of germline mutations by DNA sequencing in
most cases. In several patients with negative sequencing re-
sults, larger genomic alterations are very probable; therefore,
the MLPA (Multiplex Ligation-dependent Probe Amplifica-
tion) will be used for further testing.

A recent study demonstrated that the MSI-L phenotype is
a genuine feature of several cancer types including colorectal,
endometrial, or ovarian carcinomas, and is not a result of ex-
perimental errors [54]. Generally, that MSI-L CRC developed
by distinct carcinogenetic pathway, independent of an MMR
defect, has been suggested (for a review, see ref. [55]). Thus
there is low probability to identify MMR germline mutations
in patients without a family history of cancer, who suffered
from MSI-L tumor.

The role of MLHI epigenetic silencing in Lynch-syn-
drome pathogenesis has not been sufficiently explained yet.
In this study, the variable level of MLHI promoter
hypermethylation, predominantly in distal region, was ob-
served in most cases. Three tumors contained methylated
sites in both regions, but only in one case,did the results
correspond with the loss of MLHI protein. In this patient,
the germline mutation has not been identified yet and one
allele was inactivated by LOH, similarly as in single patient
reported previously [56]. In both studies, the vertical trans-
mission of methylated allele was not verified due to a lack
of availability of samples from other kindred. Thus, the he-
reditary origin of such epigenetic event remains
controversial. In addition, our patient described above had
two relatives with colon cancer at advanced ages that indi-
cate the possibility of random clustering of sporadic cancers.
In the second case presenting MLHI promoter methylation,
only the absence of MSH2 protein staining was found; there-
fore, the crucial cause of MMR defect seems to be a defined
germline mutation in MSH2 gene. The role of methylated
MLH1 promoter in MMR defect was not explained even in
the third patient, in whom there was normal expression of
MMR proteins, and no germline mutations were found.

The MLH 1 promoter methylation in serum of CRC patients
with MSI phenotype, who have distal or modal metastases
[26], indicated contamination by tumor cells. However, mul-
tiple varied sites of methylation at the MLHI promoter were
observed in normal DNA samples from patients with spo-
radic unstable CRCs, but the methylation was less dense
compared to corresponding tumor tissues (20% vs. 80%) or
in the hemiallelic state [57, 30]. No methylation was seen in
DNA from blood samples of Lynch-syndrome patients [30],
in contrast to our study, where MLHI methylation in both
peripheral blood and normal mucosa, in addition to tumor
tissues, was observed in most Lynch-syndrome patients, re-
gardless of the presence of germline mutations in MLHI or
MSH? genes. Given our data in combination with no methy-
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lation findings in healthy young persons, we conclude that
DNA hypermethylation is associated with tumorigenesis.
Nevertheless, the epigenetic silencing of MLHI gene in he-
reditary tumors was not confirmed.

It is necessary to remark that, because the causal sequence
for gene silencing has yet not been identified, responsible
analysis of methylation status must include more than a ten
CpG sites. In addition, MLHI gene expression is likely to be
attenuated by the density of promoter methylation in regions
up to -500 bp from transcription start [57]. For that reason,
the examination of all CpG sites in the promoter sequence,
predominantly in proximal region, is necessary.

Several clinical characteristics of Lynch-syndrome tumors
have been previously observed in sporadic CRCs. Therefore,
suspected patients should be examined by complex of mo-
lecular assays for reliable diagnosis. Epigenetic events seem
to have no significant role in MMR deficiency of hereditary
colorectal carcinomas, and differences in methylation status
between sporadic and hereditary CRCs will be subject of the
future study.
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